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filed October 31, 2002, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] This invention pertains generally to wells for production of petroleum 
products from subsurface earth formations and more particularly concerns completion 
systems for wells, including formation fracturing and other treatment for enhancement of 
well production. Even more specifically, the present invention concerns a method and 
apparatus for cleaning a fractured or otherwise treated perforated casing interval between 
spaced packers to permit repositioning or removal of the apparatus. 

[0003] Description of Related Art 

[0004] When a fracturing treatment is performed on a zone isolated by packers, 
two problems are prevalent: 1) erosion of the tool and casing due to high velocity flow of 
abrasive fluids, and 2) cleanup of slurry/proppant in the annular area between the casing and 
the isolation tool. This invention addresses both of these issues. 



-1- 



ATTORNEY DOCKET NO. 25.0196 



[0005] Conventional coiled tubing conveyed fracturing tools have spaced packer 
elements, such as cup packers, and typically provide a fracturing port or ports located just 
uphole from the lower packer element and a dump port (if used) that is located below the 
lower packer element. This arrangement works well when clean fluid is reverse circulated 
down the annulus and up the coiled tubing to clean underflushed slurry that is typically 
present in the coiled tubing and in the fracturing tool after fracturing a zone. The reverse 
circulated clean fluid flows over the upper packer, down the casing-tool annulus between the 
packers, into the tool via the fracturing port, and up the coiled tubing to the surface. By 
locating the fracturing port near the lower packer element, cleaning of the straddle interval 
between the packers is optimized. 

[0006] On some jobs a fracturing tool is provided with a dump port, and clean 
flushing fluid is pumped down the coiled tubing to displace the underflushed slurry in the 
coiled tubing to the wellbore below the tool. According to this arrangement, which employs 
no reverse circulation, the slurry remaining in the annulus interval between the packers may 
not be effectively cleaned. 

BRIEF SUMMARY OF THE INVENTION 
[0007] It is a principal feature of the present invention to provide a straddle 
packer tool and method of its use for accomplishing downhole treatment of a selected interval 
in a manner and through the use of a system that minimizes erosive wear of well tool 
components by the abrasive action of slurry that is utilized during well treatment. 

[0008] It is another feature of the present invention to provide a straddle packer 

y \ Deleted: Out/In 

tool that is designed with an ^ut and in flow path from the tool_ to ^an ^aimulaj interval between , ' " 
the tool and casing, which promotes efficient and effective cleaning of residual slurry and 
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proppant from the annular interval and the straddle packer tool, thus enabling the tool to be 
easily moved to a different interval or to enable the tool to be easily extracted from the well. 

[0009] It is also a feature of the present invention to provide a novel £traddle 
packer tool that employs cup packer elements to straddle and seal a casing interval and has 
putlet and ,jnlet ports *° i? c _ a ^ e A E e J?tiv e _ 1°_ til e _ SHE packers as to provide fojjluidflow 
cleaning of the packers and to displace any deposited proppant or other residue from the 
interior of the skirt of the lower packer. 

[0010] As used herein, terms such as "up", "down", "upper", "lower", "top" and 
"bottom" and other like terms indicate relative positions of the various components of the 
straddle packer tool of the present invention with t the tool _ vertically oriented as shown in t he 
drawings. However, it should be borne in mind that the ^traddle packer tool of the present 
invention is designed for employment in wells having wellbore sections that are oriented 
vertically, that are highly deviated from the vertical, or may be oriented horizontally. Also, 
the terms "coiled tubing" or "tubing", as used herein, are intended to mean tubing strings of 
any character, including coiled tubing or jointed tubing, which are used to convey fracturing 
tools and other well treatment tools to selected zones or intervals within wells, especially 
wells having highly deviated or horizontal wellbore sections. 

[0011] This invention addresses problems that exist when a well is fractured 
through coiled or jointed tubing to a tool isolated casing interval. An example of such 
fracturing is disclosed in U.S. Patent 6,446,727, incorporated herein by reference, wherein 
fracturing fluid is pumped down coiled tubing to an area or interval of the wellbore isolated 
by two opposing cup packer elements. The present invention is, however, also applicable to 
treatments performed by a treatment tool that is conveyed by jointed pipe and to isolated 
intervals created with mechanically set straddle packers and inflatable straddle packers. A 
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dump valve as used in connection with well treatment activities, such as formation fracturing, 

may be of the type set forth in U. S. Patent 6,533,037, also incorporated herein by reference. 

[0012] To solve the erosion and fracture annulus cleanout problems a downhole 

x { Deleted: Out/In 

^traddle packer tool isj^royided^havhig. an ^utlet mandrel or toq\ _section at its upperendand -f Deleted: "Out" 
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an |njet mandrel or tool section at its lower end,_ withthe j)utlet and jnlet^ mandrels being ^ Deleted; 

\ Deleted: in 

interconnected by a tubular straddle spacer of sufficient length to bridge a selected casing 
interval which is typically perforated for completing the well to a petroleum containing 
subsurface zone. The putlet and jnlet mandrels are provided, respectively L with upper and 
lower packer elements, which are preferably cup packer elements, and which establish 
sealing between the ^toddle tool and the 
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annulus of the selected interval. The putlet and jnlet mandrels or tool sections cooperatiyely \ Deleted: in 

^ fpeleted:Oi 

define an put and in f low path to and from the selected interval through which clean fluid is „ ' ' 
caused to flow to clean away blockage or deposits of slurry and proppant from the annular 
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fracturing or treatment zone or area between the packer elements. The £u^_and_^r^j)_orts , - ( Deleted: in 

„ { Deleted: Out/In 

of the ^traddle tool ar^ 

slurry ports, and packer cup element mounting. This integrated component tool assembly 
enables the mandrel sections of the tool to be provided with flow passage bores of large 
dimension, as compared with conventional fracturing tools, for reduced slurry velocity, 
resulting in tool passage flow rates that are lower than usual. Such low velocity fluid flow 
results in minimized tool component erosion by the typically abrasive solid particulate 
constituents of the treatment fluid. The integrated component tool assembly also allows a 
portion of the putlet port of the tool to be located ijnmediately below die upper cup packer 
element and allows the jnlet_ port to have a portion thereof located under the lower cup packer 
element skirt, so as to flush away particulate from within the upwardly facing lower cup 
packer to maximize annular cleanup of residual treatment slurry. The paddle tool may also 
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employ a shunt tube having one or more flow operated valves situated along the length 
thereof to assist annular slurry cleanup by porting clean fluid to annular areas that may be 
blocked by well treatment slurry. 

[0013] The put and in fl ow path of ^e straddle tool also greatly reduces erosion of , ' 
the straddle tool and the casing opposing the ^uttet port. The J>ut and jn configuration of the \ Deleted: out/in 
tool causes the flow path of the abrasive proppant laden formation fracturing slurry to have 
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two gentle bends as the fluid flow is diverted from the tool bore through the putlet port and S 
into the casing-tool annulus. This gentle bend flow diverting characteristic is in contrast to 
the two abrupt 90 degree bends of the fluid flow path that are employed in typical prior art 
straddle packer formation fracturing tool designs. A specially shaped diverter plug is located 



, \ Deleted: Out 

in the putlet mandrel of the tool and functions to channel slurry from the tool bore through 
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the putlet j)ort and into the casing-tool annulus. This diverter plug is fabricated from a 
sacrificial material that erodes at a prescribed rate in the presence of flowing proppant-laden 
fracturing fluid. This controlled erosion of the diverter plug, as it assists the port geometry in 
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diverting fluid from the put let mandrel, through me .outlet port, and into the annulus between,//-- \ Deleted: Out ) 
the well casing and the tool, distributes impingement of the flowing fluid to a larger surface 
area of the tool and the well casing than is usually the case and mmimizes the velocity of the 
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fluid flow and the erosion damage on the put let mandrel ports and the well casing, resulting 



in increased tool component life. 
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[0014] The diverter plug is shaped to direct the flow traveling between foe putlet X 

ports into the exit stream. Without this shape, high velocity fluid travels between the ports to 
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the bottom of the putlet p ort slot and then makes an abrupt turn to exit theputlet port with the \ Deleted: out 



other fluid. This sudden change of direction and the increased flow rate caused by more fluid 
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exiting the bottom of the putlet port slot, increases erosion at the ^bottom edge of the putlet \ Deleted: ou ~ 



, { Deleted: Out 

port. This uncontrolled erosion can rapidly cut through the sidewall of the putjet ^port and can , - ' 
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eventually cut into the bypass ports or passages of the tool. This event terminates the well 

servicing procedure and greatly increases the potential for the tool getting stuck in the well. 

In addition, the diverter plug is composed of a sacrificial material and is designed to erode at 

a prescribed rate. The high velocity slurry of the fracturing job erodes the diverter as it is 

{Deleted: Out 

redirected through the gutlet JH>rte 1 The high_ velocity fluid_ resists this redirection and as a /' 

result more fluid exits the port at the diverter plug interface. More flow means higher 

y {Deleted: Out 

velocity, which also means the erosion rate of me^ut sub is greatest near the ^ diverter j>lug„X 

, {Deleted: Out 

interface. As the diverter plug erodes, the location of the diverter-j^ sub interface 

down the port distributing the erosion over a large portion of the port. This controlled erosion 
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increases put sub life. The rate of erosion of the d^ 

different materials, various treatments to the material, such as hardness, and by changes in 
geometry (impingement angle). 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention may be understood by reference to the following 

description taken in conjunction with the accompanying drawings in which: 
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[0016] FIG. 1 is a sectional view showing the upper section of the ^traddle tool of , ' 
the present invention; 

[0017] FIG. 2 is a sectional view showing the middle or intermediate section of 

, { Deleted: Out/in ) 

the £traddle tool of the present invention; ✓ ' 

, { Deleted: Out/In ) 

[0018] FIG. 3 is a sectional view showing the lower section of the^traddle tool of S 
the present invention; 

[0019] FIG. 4 is a sectional view showing a dump valve which is integral to the 
operation of the straddle system when using slurry; 



-6- 



ATTORNEY DOCKET NO. 25.0196 

[0020] FIG. 5 is a sectional view showing an alternative embodiment of the 

/ { Deleted: Out/In 

present invention having an jool mandrel or mangels as in FIGS. M 

shown in the open position thereof, and further showing the upper section of a shunt tube; 

[0021] FIG. 6 is a sectional view showing an intermediate section of the 
alternative embodiment of FIG. 5, with one or more flow operated shunt valves located along 
the length of the shunt tube for porting clean fluid to an annular area that may be blocked 
with treatment fluid slurry or proppant; 

[0022] FIG. 7 is a sectional view showing a lower section of the shunt tube and 

shunt valve embodiment of FIGS. 5 and 6, having a flow control sub, with a flow operated 

valve incorporated within the sub; 

y { Deleted: Out/In 

[0023] FIG. 8 is an isometric illustration of an upper section of the ^traddle tool of , ' ' 
the present invention showing a portion of the specially shaped erodible diverter tube located 
therein; and 

[0024] FIG. 9 is an isometric illustration of the specially shaped erodible diverter 
plug, showing the geometry of the diverter tube section thereof 



DETAILED DESCRIPTION OF THE INVENTION 

, { Deleted: an Out/In 

[0025] Referring now to the drawings and first to FIGS. 1-4, ^straddle s tool 

embodying the principles of the present invention is shown generally at 10 and is shown 

located within a well casing 12. A tubing string 14, such as a string of coiled tubing, handled 

, \ Deleted: Out/In 

by a tubing conveyance system, is run into the wellbore to convey the ^traddle tool 10 to the 
location of the casing perforations that communicate with the subsurface zone to be subjected 
to fracturing or other treatment. The tubing string 14 is mounted to a tool coupling member 
16 which defines a flow passage 18 that is in communication with a flow passage 20 of the 
tubing string 14. The tool coupling member 16 defines a plurality of by-pass ports 22 that are 
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surrounded by a by-pass screen 24 which is secured within a screen seat by a screen retainer 

element 26 that is threaded to the tool coupling member 16. The tool coupling member 16 

, { Deleted: Out 

defines an annular internal pocket 28 that receives the upper tubular end 30 of a tubular £uflet , ' ' 

mandrel, shown generally at 32, having a tubular member 33 defining an internal flow 

passage 34 through which fluid is conducted from the flow passage 20 of the tubing string 14 

and the flow passage 18 of the tool coupling member 16. The upper tubular end 30 of the 

(Deleted: Out 

tubular gutlet m andrel 32 is sealed to an internal pocket wall of Ae ^ular internal pocket 28 X 

by an annular sealing member 36. 

^ { Deleted: Out 

[00261 The tabular £Uttet L mandrel_ 32 defines at least one elongate bypassj>assage , ' 

38 having a bypass opening 40 at its lower end into which bypassed fluid is communicated 

from a passage 41 of a tubular straddle spacer 66 as discussed below. The upper end portion 

, {Deleted: Out 

of the tubular flutlet mandrel 32 is threaded into the. tool coupling _member 16 as shown in , ' ' 

FIG. 1 and is sealed therewith by an annular O-ring type sealing member 42. In the region of 

the bypass outlet ports 22, the tubular member 33 is machined to define an annular groove 

that communicates the bypass passage or passages 38 with the bypass outlet ports 22. 

y { Deleted: Out 

[0027] The tubular member 33 of the ^utlet mandrel 32 provides support for an , '' 

upper cup packer assembly 44, which is preferably a cup packer element having a rigid 

packer support section 46 that is sealed to the fluid conducting tubular member 33 by an 

annular seal member 47. The upper cup packer assembly 44 also includes a flexible packer 

cup 48 which is seated on an annular retainer shoulder 49 to thus stabilize the position of the 

upper cup packer assembly 44 relative to the tubular member 33. 

, { Deleted: Out 

[0028] The tubular putlet mandrel or sub 32 is machmed or otherwise formed to 
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define an putjet port 50 that is in communication with the internal flow passage 34 of the , ' ' 

- ~ ^ ^ Deleted: Out 

tubular member 33. The geometry of the gutlet port 50 achieves a gentle 5 oi : smooth transition X 
from the flow passage 34 in that its upper and lower ends are defined by angulated flow 
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transition surfaces 52 and 54 respectively. By avoiding the abrupt transition of fluid flow 

, ^Deleted: Out/In 

from the flow passage 34 to the annulus 56 between the £taddle_topl 10 and the internal 

- { Deleted; Q"* 

surface of the well casing 12 wear erosion of surface portions of the £utlet port geometry as _,' 

well as other tool and well components is mmimized. 

^ \ Deleted: Out 

[0029] The lower portion of the central passage of the tubular putlgt mandrel 32 '' 

defines a receptacle 58 within which is located an elongate diverter plug 60 which is 

composed of a sacrificial material that is designed to erode in a controlled manner as 

proppant-laden fluid is caused to flow at relatively high velocity in contact with the upper end 

of the diverter plug 60. The upper end of the diverter plug 60 has an inclined flow diverting 

surface 62 that further enhances gradual rather than abrupt diversion of the flow of high 

velocity fluid or proppant-laden fluid from the internal flow passage 34 through the inclined 

r { Deleted: Out 

putlet port 50 into the annulus 56 between the tool and casing. 

, { Deleted: Out 

[0030] The tubular putlet mandrel 32 defines a plurality of centralizing bosses 64 „ ' ' 

that are angularly spaced relative to one another and defined flow passages therebetween to 

x { Deleted: Out/In 

permit efficient flow of fluid through the annulus between the ^raddle tool A 0 and the well X 

casing 12. The centralizing bosses 64 are of a dimension establishing relatively close fitting 

- ^ peleted: 0111/10 

relation with the internal surface of the well casing 12, thereby centralizing the^traddle tool ,'' 
10 within the well casing 12. This tool centralizing feature is evident from an inspection of 
FIG. 8. 

[0031] A tubular straddle spacer 66, which defines the passage 41, is provided 

with an upper end portion 68 that is disposed in threaded engagement with a tubular lower 

x { Deleted: Out 

section 70 of the tubular putlet mandrel 32 and is sealed herewith by or mqxt j^yX^t - ' 
sealing elements 72. Depending on the length of the perforated portion of the well casing 12 
that is intended to be straddled by cup packers, the tubular straddle spacer 66 may be 
composed of a single length of tubular material or, as shown in FIG. 2, it may include 
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additional lengths of tubular material 74 that are interconnected by threaded connections such 

^ {Deleted: Out/In 

as is shown at 76. The annulus 56 between the £traddle tool 10 and the well casing 12 _S 
extends along the tubular straddle spacer 66 as is evident from FIG. 2, thereby permitting a 
condition of fluid flow to occur in the annulus 56 to thus provide for the flow of high pressure 
fracturing or other well treatment fluid to the various casing perforations that exist within the 
designated production interval. 

[0032] As shown in FIG. 3, the lower end 78 of the tubular straddle spacer 66 or 
74 as the case may be is secured by a threaded connection 80 to an upper connecting section 



82 of a tubular jntet^n^^ { Deleted: m ) 



of the geometry thereof defined by an inclined flow diverting surface 88 that assists in the 
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gentle transition of flowing fluid from the annulus 56 through the jnlet port 86 and into an X 
internal flow passage 90. To confine the inflowing fluid to the flow passage 90 a plug 
member 92 is secured by threaded engagement within the upper connecting section 82 of the 
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tubular jnlet m andrel 84 and is _sealed relative thereto by an _ annular sealing member 94. 
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Although the ^traddle tool 10 of the present invention is .described L herein _as haying^ an upper 
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■utlet m^_djel_de_fmin^ an £ut[et_pqrt and a lower jnlet mandrel defining an ^nlet^port, _and s'- \ Deleted: Out 
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being interconnected, such as by a tubular straddle spacer 66, it is not intended to limit the { Deleted: \T 



' - f Deleted: Out/In 

scope of the present invention to such arrangement. If desired, an integral elongate ^traddle 



tool may be employed which defines both the ffutjet port and the jnlet port and a jKsplaced , - { Deleted: in 
fluid bypass passage and is provided with packer elements for sealing within a well casing to 
provide for well treatment and tool and interval cleaning according to the principles of the 
present invention. 
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by an annular sealing member 100. The lower cup packer assembly 96 also includes a 
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flexible packer cup 102 that is supported by the rigid cup support 98 and expands responsive 

to fluid pressure for efficient sealing with respect to the well casing 12. The lower cup 

packer assembly 96 is disposed in oppositely facing relation with the upper cup packer 

assembly 44. When oriented vertically, such as shown in FIG. 3, the annular skirt 103 faces 

upwardly and defines an annular pocket 105 within which proppant or other slurry material 

often settles. To facilitate cleaning of settled proppant from the pocket of the lower cup 

, (Deleted: In 

packer, the lower end 89 of the jnlet port 86is located below the amiular skirt 103 of the , ' 

„ { Deleted: In 

lower cup packer 102 so that fluid flowing through the jnjk^qrt 86 is_directe_d_into_the^ 

105 and displaces any settled material therefrom. Moreover, a portion of the lower cup 

^ \ Deleted: In 

packer 102 defines a portion of me,jnJejj)_ort_86 in that it serves to guide the flow of fluid in X 
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gently diverted fashion as the fluid enters the jnjet port 86 from the .annular interval 5 6 L A_S 

similar but oppositely facing lower cup packer assembly 104 is located immediately below 

the cup packer assembly 96 and includes a rigid cup support member 106 that is sealed to the 

, { Deleted: In 

tubular jnlet mandrel 84 by an annular seal member 108. A flexible packer cup 110 is , ' ' 

supported by the rigid cup support 106 and expands responsive to pressure within the well 

, { Deleted: Out/In 

casing-tool annulus 1 12 below the tool, for sealing the^traddle tool 10 within the well _casing_ ,'' 

12. 

\ Deleted: In 

[0034] The tubular jnlet mandrel 84 _defines one or more bypass passages 114 , ' " 
having a bypass opening 1 15 through which displaced fluid from the casing below the lower 
cup packers 102 and 110 is caused to flow into the flow passage 41 of the tubular straddle 
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spacer 66. A bypass tube 1 16 is threaded into the lower end of the tubular jnlet mandrel 84 _X 
and is sealed therewith by an annular seal member 118. The bypass tube 116 defines a 

central flow passage 120 which is also referred to herein as a dump passage. Below the 

tubular jnlet mandrel 84 die bypass tube 1 16 defines a reduced diameter section 122 that , " ' 
establishes an annular bypass passage section 124 with respect to the inner wall surface of a 
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tubular bypass inlet section 126 having its upper tubular end 128 threaded externally of the 

, { Deleted: In 

lower end of the tubular jnlet mandrel _84. _ A plurality of bypass irJetj)orts 130 .communicate , ' ' 

the annular bypass passage section 124 with the casing-tool annulus 112. An annular screen 

member 132 is retained within an annular screen seat and is positioned to screen displaced 

fluid at the bypass entrance. It should be borne in mind that the proppant or other particulate 

content of the mixture of treatment fluid and clean fluid that is discharged into the casing 

from the dump valve during the tool and interval cleaning process typically quickly settles 

out. Thus, any fluid that is displaced through the bypass passage to the casing above the tool 

is clean to the extent that it contains virtually no proppant. The screen member 132 is 

secured in place by a screen retainer element 134 that is threaded to the upper tubular end 128 

of the tubular bypass inlet section 1 26. 

r \ Deleted: 4 

[0035] The tubular bypass inlet section 126, as shown in FIG. ^ defines a lower _S 
tubular extension 136 to which the upper tubular connecting end 138 of a dump valve, shown 
generally at 140, is threadedly connected. The dump valve 140 may be of the type that is set 
forth in U.S. Patent 6,533,037, which is incorporated herein by reference. The dump valve 
140 includes a tubular valve actuator body section 141 having its upper end threaded to the 
lower tubular extension 136 of the tubular bypass inlet section or sub 126. An annular seal 
member 142 maintains sealing between the tubular bypass inlet section 126 and the tubular 
valve actuator body section 141. The valve actuator body section 141 includes a depending 
tubular connector section 144 that defines a spring chamber 146 and provides connecting 
support for a dump valve head 148 via a threaded connection 150. A tubular connecting 
section 152 of the dump valve head 148 defines an annular support shoulder 154 on which is 
seated one or more annular spring support washer elements 156 that accommodate the slight 
twisting movement of the spring 158 as it is compressed and relaxed. The helical 
compression spring 158 is located within the spring chamber 146, with its lower end in 
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supported engagement with the spring support washers 156. The compression spring 158 
surrounds an elongate tubular valve actuator member 160, with the upper end of the spring 
158 disposed in force transmitting engagement with washer members 162 that are seated on 
an annular support shoulder 164 of an enlargement or flange 166 that is integral with or fixed 
to the elongate tubular valve actuator member 160. The valve actuator memb er 160 defines a 
flow passage 161. The lower end of the valve actuator member 160 is attached to the valve 
carrier 207 which rigidly holds the valve element 205. 

[0036] A tubular section 168 of the tubular valve actuator member 160 extends 
upwardly from the annular enlargement or flange 166 and is located within an internal bore 
or passage of the tubular body section 141 of the dump valve 140 and defines an orifice seat 
in its upper end within which a flow control orifice member 170 is seated. A retainer 
member 172 is threaded to the upper end of the tubular section 168 and retains the flow 
control orifice member 170 within its seat. The orifice member 170 is sealed with respect to 
the orifice seat by an annular sealing member 174. Other annular sealing members 176 and 
177 ensure the maintenance of a sealed relationship of the tubular section with respect to the 
dump valve 140. Annular sealing members 176 and 177 may be used singularly or in tandem 
to effect the effective piston diameter of tubular section 168. 

[0037] A tubular scraper member 178 is mounted to the retainer member 172 and 
extends upwardly through an annular cavity 180 and is arranged with its upper generally 
cylindrical end 182 located for reciprocating movement within a cavity 184 that is located at 
the lower end of the bypass tube 116. The scraper member 178 moves within the cavity 184 
during compression and relaxing movement of the spring member 158 and functions to 
exclude any accumulation of proppant or other slurry component that might be present on the 
wall surface or within the cavity 184 from annular cavity 180. The retainer member 172 
defines a plurality of inclined passages 188 that maintain the annular cavity 180 balanced 
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with the casing pressure that is present within the spring chamber 146. Thus, the required 
pressure differential across the orifice 170 to achieve compression of the spring 158 for valve 
opening actuation is determined relative to casing pressure. Further, as taught in U.S. Patent 
6,533,037, the dump valve actuating mechanism may incorporate two or more flow 
restricting orifices to control the free fall rate of fluid flowing through the dump valve and 
into the casing. 

[0038] The dump valve head 148 defines a housing component for a dump valve 
assembly shown generally at 190. A plurality of dump orifice members 192, each defining a 
dump port 194, are located within respective orifice openings of the dump valve head 148. 
The dump orifices 192 are preferably composed of a hardened material, such as Stellite (mark 
of Deloro Stellite Inc. of Goshen, Indiana, U.S.A.), which resists wear or erosion as abrasive 
proppant laden fluid is caused to flow therethrough. At the lower end of the dump valve head 
148 is provided a retainer cap 196 having a drain plug 198 that is removable to permit fluid to 
drain from a drain passage 200 after the tool has been retrieved from the well. The retainer 
cap 196 is threaded into the lower end of the dump valve head 148 and serves to retain a seat 
support member 202 and a valve seat 204 in position within the dump valve assembly. The 
retainer member 196 also serves to retain a dump sleeve member 206 within the dump valve 
head 148. The dump sleeve member 206 defines a plurality of flow ports 208 in fluid 
communicating relation with the respective dump ports 194. 

Operation 

[0039] To perform a fracturing job with the straddle tool, a dump valve is attached 
to the bottom of the straddle tool and the straddle tool is connected to coiled tubing. Other 
tools such as disconnects may also be connected within the tool string as needed. The tool 
string is inserted into a well and run to treatment depth on coiled tubing. The depth of the 
tool is adjusted with the coiled tubing so that the cup packer elements straddle, and thus 
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isolate, the zone or interval to be treated. Fluid for cleaning of a selected interval is pumped 

down the flow passage 20 of the tubing string 14 and along a fluid path that is down the r— 

, \ Deleted: Out ] 

^ut jet m andrel flow passages 18 and _34 L out the ^outlet port 50_ into the upper portion of the - [ Deleted: Out ] 
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casing-tool annulus 56, down the casing-tool annulus 56 to its lower portion, in the is]etj?prt_ x *' 
86 to the internal flow passage 90, through the flow passage 161 of d ump valve 140 of FIG. 
4, out the dump ports 194, up the casing-dump valve annulus, in the tubular bypass inlet 
section 126 through the bypass inlet ports 130, through the bypass passage 114, through the 
passage 41 of the tubular straddle spacer 66 of FIG. 2, out the bypass outlet ports 22 of the 
tool coupling member 16, and up the casing-tubing annulus. 

[0040] During a formation fracturing procedure, as pump rate increases, a 
pressure drop is created across orifice 170 in the dump valve 140. At a prescribed flow rate, 
a differential pressure created across the orifice 170 develops sufficient force to overcome the 
opposing force of spring 158 and shift the valve actuator member 160 down, causing the 
valve element 205 to engage the valve seat 204, closing the flow path to the dump ports 194. 
Once the dump ports 194 are closed, the fracturing fluid pressure builds until the formation 
rock fractures, providing a new flow path for the slurry to cause propagation of the proppant- 

laden slurry into the fracture or fractures. The slurry flow path is down the tubing string 14 

{ Deleted: Out J 

to the flow passage sections 18 and 34, out the putlet port 50, down the casing-tool annulus S 
56 of the interval to be subjected to fracture pressure, and through perforations in the casing 
12 into the fractures that develop in the formation. 

[0041] After the fracture treatment has been completed, slurry which was not 
pumped into the fractures of the formation will remain in the casing-tool annulus 56, in the 
tool passages, and in the flow passage 20 of the tubing string 14. In some cases the fracture 
'screens out' before all of the slurry is displaced from the tubing and high concentration 
slurry or dehydrated proppant is left in the casing-tool annulus 56 and in the lower portion of 
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the tubing string 14. In both cases this proppant-laden fluid must be removed from the tubing 
and the casing-tool annulus 56 before the straddle tool 10 is moved to the next zone or 
retrieved from the well. 

[0042] When the fracture treatment has been completed, pump pressure is reduced 
to a predetermined level, often zero, and the dump valve 140 is opened by the force of its 
spring 158. The open dump valve 140 provides a flow path for displacing the slurry left in 
the tool and tubing into the 'rat hole' below the dump valve. Clean fluid is pumped down the 
tubing string 14, out the fiutlet^qrt 50, down the cas^ 

through the dump valve 140 and out the dump ports 194. Especially when mixed with clean 
fluid, the proppant of the treatment fluid settles out and is filtered out of the fluid, allowing 
clean fluid to return through the bypass passage 114 and bypass inlet ports 130 and bypass 
outlet ports 22 and then up the casing-tubing annulus. This flow path of clean fluid cleans the 
remaining proppant from the £traddle tool 10 and_ treatment are^ 
thus allowing the tool to be moved to the next location or retrieved from the well. 

[0043] The gut and in flow path that occurs _thr° u gri use of the present invention 
allows the clean up fluid to sweep the casing-tool annulus of any remaining proppant. Prior 
designs can only provide this type of cleanout if clean fluid is pumped down the casing- 
tubing annulus and back up the coiled tubing (reverse circulation). Reverse circulation is not 
possible in underbalanced wells, can cause damage to formations located above the straddle 
tool, and requires more time than pumping directly down the tubing to accomplish slurry 
clean up. 

[0044] The ^outlet port 50 and inlet port 86 o f the straddle tool 1 0 are located in a 
mandrel or connected mandrel sections which integrate bypass ports, slurry ports and cup 
packer element mounting. This integrated component arrangement provides a larger bore 
than usual for reduced slurry velocity (resulting in reduced erosion). This design allows the 
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j>utlet port 50 to be located immediate 

cleanout by insuring that all perforations and screened out proppant are below the ffutlet port 
50 and in the flow path of the cleanup fluid. The jnlet port 86 is located under the lower cup 
packer 102 which causes the flow of clean fluid into the open upper end of the lower cup skirt 
103 at sufficient velocity to displace slurry and proppant that might be present in the pocket 
105 that is defined by the lower cup skirt 103, solving a problem which currently exists on all 
straddle fracturing systems using a lower cup packer element. 

[0045] The £traddle tool 10 may also use a shunt tube 296 IFIGS. 5 and 6) to 
assist casing-tool annulus cleanup by porting clean fluid to the casing-tool annulus areas that 
may be blocked with slurry. During the fracturing treatment, the high treating flow rate 
(treating pressure may be used) keeps the diverter valve 276 closed. Another design option is 
to attach the diverter valve 276 to the dump valve 140, so that the diverter valve 276 will be 
open when the dump valve 140 is open and closed when the dump valve 140 is closed. After 
completion of the fracturing procedure, the flow rate is reduced to a low rate (often 1-2 
barrels per minute). At this low flow rate the diverter valve 276 is opened by its return spring 
284. This allows flow through the shunt tube 296, which connects the £Ut|et _mandrel _with 
the jnjet mandrel _ through the_ center portion of the spacer housings^ Inflow toqujh tiie 
casing-tool annulus is impeded or blocked, flow will pass through the shunt tube 296 and 
provide clean fluid to the dump valve 140 and the ffllet mandrel 332. This will clean the 
lowest portion of the tool string. 

[0046] Connected at intervals along the shunt tube 296 are flow operated shunt 
valves which provide a flow path, for the clean fluid, into the casing-tool annulus. A flow 
operated valve is also attached at the end of the shunt tube. As soon as the jnlet mandrel and 
the dump valve are cleaned up, the resistance to flow will decrease and the flow rate through 
the end valve will increase. This increased flow will close the valve. The pressure of the 
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cleanup fluid will increase until another flow path is established through the casing-tool 

annulus. As this flow path becomes clean, the rate will again increase until the flow operated 

valve closes. The process continues until the entire annular area is cleaned up. 

, { Deleted: Out/In 

[0047] The put and in fl ow path reduces erosion of the straddle tool and the casing , ' ' 
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opposing the gutletgqrt. Jlfee jgut and in c onfiguration requires the abrasive fracturing slurry ^ - \ Deleted: out/in 
to make two gentle bends when it is diverted from the tubing bore to the casing-tool annulus. 
This is in contrast to the two 90 degree turns employed in conventional designs. Abrasive 
fluid causes significantly more erosion when the flow is normal to the part being eroded. It 
has been shown that shallow angles of impingement greatly reduce the amount of erosion. 

[0048] Referring now to FIGS. 5-7, which illustrate an alternative embodiment of 

^ { Deleted: an Out/In 

the present invention, ^straddle tool is shown generally at 2 10 positioned within the well , ' 

casing 12 and is conveyed to a desired treatment interval within the casing by a fluid 

supplying tubing string 212. The tubing string 212 is preferably composed of coiled tubing 

that is run and retrieved by a conventional coiled tubing deployment system, but if desired 

^ { Deleted: Out/In 

may be defined by connected tubing joints. The upper portion of the ^traddle tool 210 _is_,'' 
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defined by an outlet mandrel shown generally at 215 that ^is connected [to the tubing string 21 2 ' ' 

by a coupling member 214 having a flow passage 216 that is in communication with a flow 

passage 218 of the tubing string 212. The coupling member 214 defines a plurality of bypass 

exit ports 220 and an annular bypass screen 222 is positioned to screen out particulate that 

might otherwise enter the bypass ports 220. The bypass screen 222 is of annular 

configuration and is retained within an annular screen seat by a screen retainer member 224 

that is threaded to the coupling member 214 by a thread connection 226. The upper end 228 

, { Deleted: Out 

of putlet mandrel 2 1 5 engages coupling member 2 14 at thread connection 230. The reduced , ' ' 
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diameter upper tubular end 232 of jputlet mandrel 215 is _seated wjthin a dovv^nwardly opening , ' ' 
pocket of coupling member 214 and is sealed therewith by an annular seal 234. An annular 
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seal 236 establishes sealing of the tubular putlet mandrel 215 with the coupling member 214 
below the thread connection 230. An upper cup packer assembly 238 having a rigid cup 
support 240 and a flexible cup element 242 is seated relative to a packer positioning shoulder 
244 and is maintained in sealed relation with the upper end 228 of ^utiet mandrel 215 by an 
annular sealing member 246. The flexible cup element 242 is pressure responsive to pressure 
within the annulus 248 between the tubular joutfet mandrel 2 1 5 and the well casing 12. The 
flexible cup element 242 is expanded by annulus pressure within the selected interval and 
establishes a tight sealing engagement with the inner surface of the well casing 12. 

[0049] Tubular putlet mandrel 2 15 defines internal fluid _supply flow passage 
250 that is in communication with the flow passage 216 of the coupling member 214 and the 
flow passage 218 of the tubing string 212. Thus, fluid pumped through the flow passage 218 
of the tubing string 212 will flow into the internal fluid supply flow passage 250 and will then 
be diverted through putlet port 252 into the interval annulus 248^ The putlet port 252 is { Deleted: Out 
defined in part by inclined flow diverting surfaces 254 and 256 that establish a gentle angular 
transition of flowing, proppant-laden fluid into the interval annulus 248. Since no abrupt 
fluid transition occurs as the flowing proppant-laden fluid is diverted into the annulus 248 
from the flow passage 250, the degree of wear or erosion of the putlet port surfaces will be 
mmimized. The putlet mandrel 215 is centralized yn^^^^^^S^J^A plurality of 
centralizing bosses 258 of the nature shown at 64 in FIG. 8. 

[0050] ffutjet mandrel 21 5_ destines an elongate bypass _p_assage 260 that is in 
communication with the bypass exit ports 220 by means of an annular recess 262 that is 
defined by the upper tubular end 232 of^utlet mandrel 215. The bypass passage 260 defines 
a bypass exit opening 264 that is in communication within an annular passage 266 below 
putlet mandrel 215. A mbular straddle spacer 268 is connected to a lower end section 270 of 
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outlet mandrel 215 by a _ threaded connection .272 and is_ sealed with respect to the tubular 
outlet mandrel 215 by an annular seal member 274. 

[0051] A diverter valve 276 is linearly movable within a central passage 278 that 
is a continuation of the internal flow passage 250 and is defined within the lower end section 
280 of the tubular putlet mandrel 21 5. _ The diverter valve _276_is sealed within the central 
passage 278 by an annular seal member 282 and is urged upwardly to an open position by a 
return spring 284 that is located within an annular spring chamber 286 that is defined 
between the diverter valve and the wall surface of the central passage 278. Upward 
movement of the diverter valve 276 is limited by an annular internal stop shoulder 288 that is 
defined by an upper tubular extension 290 of an internal coupling member 292 that is 
threaded within the lower end section 270 of fiut let mandrel 215. The internal coupling 
member 292 is sealed within the lower end section 270 by an annular seal member 294. A 
shunt tube 296 establishes a threaded connection with the internal coupling member 292 and 
is sealed with respect to the coupling member 292 by an annular seal member 298. The shunt 
tube 296 defines a flow passage 300 which communicates with a flow passage 302 of the 
diverter valve 276 v 

[0052] To provide for cleanout of slurry and proppant that might be blocking 
sections of the interval annulus 248, it may be desirable to inject clean fluid into the interval 
annulus 248 at one or more locations. As is evident from FIG. 6, sections of straddle spacer 
may be employed, with a shunt valve 312 interconnected between each straddle spacer 
section. As shown in FIG. 6, a lower section 304 of the tubular straddle spacer 268 is 
connected to the tubular straddle spacer 268 by a threaded connection 306. The lower section 
304 defines a plurality of ports 308 through which fluid is vented to the interval annulus 248 
in response to fluid flow. The lower section 304 further defines an annular seat 310 within 
which is seated a port to casing shunt valve 312 that is sealed within the lower tubular 
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straddle spacer section 304 by annular seals 314 and 316. The shunt tube 296 is received 
within an upper pocket of the shunt valve 312 and is sealed therewith by an annular seal 
member 318. The shunt valve 312 defines a flow passage 320 communicating the annular 
passage 266 with a similar annular passage 322 that is defined between the lower section 304 
of the tubular straddle spacer 268 and a tubular member 324 that is threaded into the shunt 
valve 312 and sealed therewith by an annular seal 326. The shunt valve 312 is provided with 
a valve element 328 that is urged toward its open position by a compression spring 330. 
Clean fluid being injected at low pressure is shunted to different regions of the interval 
annulus, depending on the number and location of the shunt valves, and enhances interval 
cleanout. 

[0053] As shown in FIG. 7, at the lower end of the lower section 304 of the 
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tubular straddle spacer 268 is connected an jnlet mandrel or sub 332 by a dreaded connection , ' ' 
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334. The jnlet mandrel 332 is sealed with respect to the lower section 304 by an annular seal , ' ' 
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member 336 and defines an jnlet port 338. 
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[0054] The jrtojwrt 338 is defmed in J) art by an inclined flow transition surface , ' ' 
340 and is defined in part by an inclined surface 342 of a flexible cup element 344, being a 
component of a lower cup packer assembly 346. The lower cup packer assembly 346 also 
includes a rigid cup support member 348 that is sealed with respect to a packer support 
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section 350 of the jnlet mandrel 332 by_ an ajuiular seal jnember_ 352._ _ A_ similar but_ „ ' ' 

oppositely facing packer assembly 354, including a rigid packer support 356 and a flexible 
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cup element 358 is located below the lower ^ug packer _ assembly to provide for sealing 

, { Deleted: Out/In 

between the ^traddle tool 210 and the casing 12 when pressure in the cas ing below the tool _S 

becomes elevated. 
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[0055] Within the upper end of the jnlet mandrel 332 is provided a flow S 
responsive valve member 360 that defines flow ports 362. The valve member 360 is urged 
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toward its open position by a compression spring 364. The valve member 360 is movable 
into sealing engagement with tapered surfaces 366 that define a valve outlet opening 368. 
Consequently, the valve member 360 is opened during conditions of low flow and becomes 

closed responsive to higher velocity flow of fluid through the flow ports 362. 
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[0056] The jnlet mandrel _ 332 also .defines a bypass passage _370_ which X 
communicates with the annular passage 266 and a bypass chamber 372 of a tubular bypass 

section 374 of a bypass sub 376. The bypass sub 376 is threadedly connected to the lower 
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end portion of the packer support section 350 of the jnlet mandrel 332. The tubular bypass S 
sub 376 may be identical with the tubular bypass sub 126 of FIG. 3 and defines entrance ports 
378 that communicate with the annulus 380 across an entrance screen 382. The entrance 

screen 382 is secured in place by a screen retainer member 384. Below the tubular bypass 
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sub 376 the ^traddle tool 210 is typically of the configura^ 4. , , ' ' 

[0057] While the invention is susceptible to various modifications and alternative 
forms, specific embodiments thereof have been shown by way of example in the drawings 
and are herein described in detail. It should be understood, however, that the description 
herein of specific embodiments is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 
alternatives falling within the scope of the invention as defined by the appended claims. 
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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for fluid treatment of a selected interval of a well and then 
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cleaning the selected interval and the apparatus of treatment residue. An^ta^aeJooUs_ran_^'' 

into the well to treatment depth on fluid supplying tubing and has upper and lower packers 

that establish sealing with the casing and define an annular interval between the packers and 

between the tool and casing. Fluid, such as fracturing fluid, is pumped through the tubing to 
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the tool and is diverted through an flutlet port of the tool into an upper portion of the_ annular , ' ' 
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interval. Fluid then flows from a lower portion of the annular interval through an jnlet port X 
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below the ffitlet port and at low flow rate is dumped into the casing through a pressure _ , ' ' 
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responsive dump valve. The £utl_et port and Jnlet port are lqcatedtoaccomplish cleaning qf_ \ Deleted: in ~~ 
residue from the packers. 
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